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Background: Behavioral inhibition and activation systems explain changes in a person's mood and
behaviors based on contextual factors, and therefore individual differences in sensitivities lead to
differences in processing. In addition, rumination as a sustained response style is closely related to
the maintenance of major depressive disorder and is an maladaptive pattern of focusing on negative
thoughts and feelings. Considering the impact of depression on emotional, physical, and cognitive
dimensions, it can cause problems in attention, memory, and cognitive control in affected people,
therefore, more research on cognitive control in depressive disorder is needed.

Aims: This study aimed to investigate the structural model of inhibition and behavioral activation
system and cognitive control and flexibility with adolescent depression with the mediating role of
rumination.

Methods: This research was fundamental in purpose and a descriptive-correlational study of the
structural equation modeling method. The statistical population of this study consisted of all high
school students in Tehran who are studying in the academic year 2023-2024. The sample consisted
of 347 Tehran students selected by cluster sampling. To collect data, the Rumination Questionnaire
of Nolen et al. (1991), the Hospital Anxiety and Depression Scale of Zigmond and Snaith (1983), the
Inhibition and Behavioral Activation System Questionnaire of Carver et al. (1994), and the Cognitive
Control and Flexibility Questionnaire (CCFQ) of Gabrys et al. (2018) were used. To evaluate the
proposed model, structural equation modeling and AMOS.24 and SPSS. 27 were used.

Results: The results of the Pearson correlation coefficient showed a significant relationship between
behavioral activation system, cognitive control, and flexibility with rumination depression (P< 0.05).
The findings indicate that the proposed model is appropriately fit with the data. The results of
structural equation modeling showed that in the model, 20% of the variance in rumination drowning
is explained by cognitive control flexibility and inhibition and behavioral activation system. Finally,
29% of the variance of depression is explained by cognitive control and flexibility, inhibition,
behavioral activation system, and drowning in rumination.

Conclusion: According to these findings, the use of therapeutic interventions that provide the basis
for psychological flexibility and cognitive control can help reduce rumination and depressive
symptoms.
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Introduction

Depression is the leading cause of health-related
disability. A proportion of depression cases begin in
childhood and increase dramatically during
adolescence. This systematic review and meta-
analysis aimed to estimate the global prevalence of
depression or depressive symptoms in children and
adolescents and explore the temporal and regional
distribution of depression or depressive symptoms
(Lu et al., 2024). Major depressive disorder (MDD)
onset occurs more frequently during adolescence than
any other age group due to various factors, such as
environmental stressors and hormonal changes, and
MDD has been a leading cause of disability
worldwide (Vos et al., 2020). Compared with adult-
onset MDD, adolescent MDD has more destructive
developmental implications, including serious social
functioning impairments, poor school achievements,
increased risk of self-injurious behavior, and suicide
attempts (Sun et al.,, 2023). Additionally, most
children and adolescents with MDD have mental
disorder comorbidities and high symptomatic
heterogeneity, highlighting the need to better
understand the neurobiological basis of adolescent
MDD and its subgroups for appropriate treatment
options (Xu et al, 2024).

Previous findings have suggested that the
neurobiological basis of depressive symptom profiles
in adolescents is associated with complex interactions
between environment and multimodal brain
development. For example, functional magnetic
resonance imaging (fMRI) studies have revealed
altered activities of neural circuits implicated in
emotion regulation, cognitive control, and reward
processing in adolescent MDD, particularly involving
dysregulation of the limbic system, default mode
network (DMN), and frontoparietal network (Xu et al,
2024).

Cognitive control and (cognitive) flexibility play a
fundamental role in the ability to adapt to
continuously changing environments and have been
associated with various goal-oriented behaviors,
including creativity, problem-solving, multi-tasking,
and decision-making (Dajani and Uddin, 2015).
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Cognitive control and the processes underlying this
ability (executive functions) have also been
implicated in self- and emotional regulation, as well
as mental health outcomes (Hofmann et al., 2012).
Impaired cognitive control and flexibility have been
observed among depressed individuals and those at
risk for the disorder (Hou et al., 2016). Thus, greater
attention has been devoted to identifying factors that
contribute to cognitive control and flexibility (Shields
et al., 2016), and how disturbances of these abilities
might be linked to depressive illness (Koster et al.,
2011). Since cognitive dysfunction is often associated
with depressive illness, increased efforts have been
made to understand how various types of stressors
influence cognitive functioning, which may be
relevant in identifying potential  treatment
targets (Koster et al., 2017).

Many studies have focused on the role of self-esteem
and behavioral inhibition/activation systems in social
anxiety and depression. Gray's neuropsychological
reinforcement sensitivity theory postulates that two
basic dimensions of motivation, including a
behavioral inhibition system (BIS) and a behavioral
activation system (BAS), govern avoidance and
approach behaviors in response to various types of
stimuli (Carver, & White, 1994). According to this
theory, the BIS is sensitive to stimuli of punishment
or non-reward, which may drive individuals to avoid
potentially harmful  consequences. Therefore,
individuals with high levels of BIS activation are
more likely to avoid loss and show a blunted response
to reward (Li et al., 2020). However, the BAS
generates behaviors corresponding to all conditioned
and unconditioned appetitive stimuli and displays
close relationships with the enhancement of reward or
the termination of punishment. Thus, individuals with
high levels of BAS activation may show greater
proneness to seek reward and approach novelty (Li et
al., 2020).

The present study examines the effects of rumination
and hope on depressive symptoms (Geiger, & Kwon,
2010). Rumination is a maladaptive pattern of
regulating thoughts and emotions characterized by a
repetitive focus on negative thoughts such as dwelling
on negative memories and analyzing events without
taking action (Nolen-Hoeksema, & Morrow,
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1991). It is a transdiagnostic behavioral element, as
defined by the National Institute of Mental Health’s
Research Domain Criteria (RDoC), associated with
vulnerability to several neuropsychiatric disorders
(Watkins, & Roberts, 2020). Rumination is most
strongly linked to depression, increasing the length
and severity of episodes, increasing the likelihood of
relapse, and exacerbating negative moods (Nolen-
Hoeksema, & Morrow, 1991), primarily among
women (Johnson, & Whisman, 2013). Furthermore, it
amplifies negative thoughts and impairs problem-
solving behavior, decreasing the motivation of
depressed patients to seek solutions (Lyubomirsky et
al., 2015).

According to the studies carried out so far, no
research has comprehensively investigated the
underlying factors of depression in the adolescent
community in the form of structural equation
modeling, and in this regard, there is a research gap,
so the study of the mentioned factors has a significant
scientific value and it is necessary for researchers,
psychiatrists, psychotherapists, interested and
specialized psychotherapists, and those involved in
mental health centers to obtain information about the
prominent variables. will be of significant help in
developing appropriate prevention programs and
follow-ups on special and proper treatment plans for
patients with this disorder. In addition, confirming the
relationships between the research variables can
provide the necessary conditions for further research
in this field, which can lead to more identification of
the underlying factors of depression, efforts to reduce
this disorder, and the negative consequences caused
by it. Therefore, the present study seeks to investigate
whether rumination mediates the relationship
between brain-behavioral systems and cognitive
control and flexibility with depressive symptoms.

Method

The design of the present study is a correlational and
structural equation modeling method. The statistical
population of this study consisted of all high school
students in Tehran who are studying in the academic
year 2023-2024. In this study, a multi-stage cluster
sampling method was used. First, 3 districts (4, 5, and
6) were selected from among the 22 districts of
Tehran. Then, two secondary schools were selected
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from each region. Finally, based on the list of high
school students, 347 students were randomly selected
from among the students of this school who had the
conditions to participate in the study and had the
inclusion criteria (including the age range of 15 to 18
years, signing an informed consent) to the study.
After identifying the secondary schools in the 4th,
5th, and 6th districts, two schools and 58 people from
each school were randomly selected as the sample.
Due to the possibility of conducting the
questionnaires, the questionnaires were administered
in person and online in schools. In this way, after
explaining the research objectives to school
principals and teachers, they are asked to explain the
research objectives, the freedom of choice of students
to participate in the research, the confidentiality of the
information of the pencil-paper questionnaire and the
online link of the questionnaires in their class for
students. Inclusion criteria included the possibility of
using a computer or mobile phone with active internet
and having one of the virtual networks to send the
questionnaire link, age between 15-18 years old, and
motivation to participate in this study, and exclusion
criteria included unwillingness to participate in the
study.

Results

The mean (and standard deviation) of the students
participating in the study was 16.55 (and 3.74) with a
minimum age of 15 and a maximum age of 18 years.
The mean age of female students was 16.88 (and
4.58) and male students were 16.45 (and 3.25).

As can be seen in Table 1, there is a negative
relationship between the components of cognitive
control and flexibility and the behavioral activation
system with rumination and depression (P<0.05).
There is also a positive and significant relationship
between the behavioral inhibition system with
rumination and depression (P<0.05).
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Table 1. Correlation coefficient matrix of research variables

Variables 1 2 3 4 5 6 7
Cognitive control over emotion -
Appraisal and coping flexibility ~ 0.42™ -

CCF 0.55™" 0.62™
Inhibition System -0.25"  -0.28™  -0.36™ -

Behavioral Activation System 0.29™  0.31™ 0.38"™  -0.35" -

Rumination -0.30"  -0.37"  -0.40™ 0257  -0.40" -

Depression -0.16™  -0.14™ -0.25" 018" -0.26" 0.39"

Note: CCF= Cognitive Control and Flexibility

Table 2. Indirect effects of cognitive control and flexibility, inhibition, and behavioral activation system, Rumination and Depression

Indirect effect Effect SE Lower Bounds  Upper Bounds P
CCF — Rumination— Depression ~ -0.111  0.023 -0.154 -0.076 0.001
BAS — Rumination— Depression ~ -0.051  0.012 -0.044 -0.069 0.05
BIS— Rumination— Depression 0.045 0.015 0.017 0.067 0.05

As can be seen in Table 2, cognitive control and
flexibility through rumination have a negative and
significant effect on adolescent depression (P<0.05).
Also, the behavioral activation system through
rumination has significant effect on adolescent
depression (P< 0.05). The behavioral inhibition
system through rumination has a positive and
significant effect on adolescent depression (P< 0.05).

Conclusion

This study aimed to investigate the structural model
of inhibition and behavioral activation system and
cognitive control and flexibility with adolescent
depression with the mediating role of rumination. The
results of structural equation modeling showed that
the standard path coefficient of cognitive control and
flexibility to rumination and depression was negative
and significant (P<0.05).

In explaining these results, it can be said that the more
flexible a person is the more he can consider stressful
situations as a controllable situation, and in the face
of life events and behavior, he has several alternative
justifications, and in difficult situations, he can think
of alternative solutions, his capacity to cope, adapt,
and recover from anxiety, depression, and life
difficulties is higher. People with the ability to control
cognitively and think flexibly use alternative
justifications, positively reconstruct their frame of
mind, and accept challenging situations or stressful
events, and are less psychologically stressed and
depressed than those who are not flexible.

The results of structural equation modeling showed
that the standard path coefficient of the behavioral

activation system to rumination was negative and
significant (P<0.05). The results of structural
equation modeling showed that the standard path
coefficient of the behavioral inhibition system to
depression was positive and significant (P<0.05).
This finding can be explained using the framework of
amplification sensitivity theory. In the framework of
the theory of sensitivity to reinforcement, BAS
responds to all the stimuli of reward and lack of
punishment, and its activity triggers the invocation of
positive emotions, turn behavior, and active
avoidance. BAS is associated with dopaminergic
pathways, the prefrontal cortex, the amygdala, and
the basal ganglia. Also, in addition to decreasing
dopamine activity in depression (Katz et al., 2020),
the prefrontal cortex and amygdala, which make up
the neuronal structures of BAS, are among the
important brain regions in the regulation of normal
emotions that are affected in depression. Therefore, it
can be concluded that low sensitivity to BAS is
associated with depression and its symptoms. In
addition, the BIS, which is located in the prefrontal
cortex and the poppy circuit, responds to punitive
stimuli, lack of rewards, new stimuli, and innate
fearful stimuli, thus hypersensitivity and activity of
the BIS, which leads to anxiety, behavioral inhibition,
passive avoidance, silence, and unpleasant emotions
(Merchan -Clavellino et al., 2019).
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1. cognitive control
2, Cognitive Control and Flexibility
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